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(57) Abstract 

According to the present invention, pro- 
vided are novel nucleoside derivatives having 
anti-viral activity, in particular. anti-HBV (anti- 
Hepatitis-B Virus) activity, represented by gen- 
eral formula (I), wherein Ri represents hydrogen, 
phosphate, phosphonate, alkyl or acyl. R2 repre- 
sents alkoxy or halogen, R3 represents substituted 
or non-substituted pyrimidine or purine base, and 

X represents O, S, SO or SO2; pharmaceutically acceptable salts thereof, and processes for preparation thereof. As the compound (I) has 
two or more asymmetric carbon atoms, all possible stereoisomers and mixtures thereof are included in the scope of the present invention. 
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TITLE OF THE INVENTION 



Novel nucleoside derivatives and process for preparing the same 
Technical Field 

The present invention relates to novel nucleoside derivatives having 
anti-viral activity, in particular, anti-HBV (anti-Hepatitis-B Virus) activity, 
represented by the following general fonmila{I); 



wherein Ri represents hydrogen, phosphate, phosphonate, alkyl or acyl, R2 
represents alkoxy or halogen, R3 represents substituted or non-substituted 
pyrimidine or piuine base, and X represents O, S, SO or SO2; 
pharmaceutically acceptable salts thereof, and processes for preparation 
thereof 

As a compound represented by general formula (I) has two or more 
asymmetric carbon atoms, the compound of the present invention 
represented by general fonnula (I) exists as a cis isomer as general fonnula 
(II) or trans isomer as general fonnula (III), or a mixture thereof 




(I) 




(II) 



(III) 



In the formula, Ri, R2, R3 and X are defined as above. 

Each cis or trans isomer may exist as an optically pure isomer or as a 

1 
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mixture, i. e. racemic mixture. All isomers and mixture thereof mentioned 
above are included in the compounds of the present invention. 

Background Art 

HBV is a lethal virus which causes acute or chronic viral hepatitis in 
human body and finally makes progress to liver cancer. Tliough the 
vaccines against the virus have been developed, a therapeutic agent has 
been hardly developed yet. Up to the present, Ara-A or interferon has 
been partially used for the treatment of hepatitis B, but both agents have 
many problems in their activity and safety. 

Recently, a variety of nucleoside compounds having anti HBV activity 
have been reported. 

For example, it is reported that 2',3'-dideoxy-3'-thiacytidine [Proc. Natl. 
Acad. Sci. USA, 88, 8495 (1991)], 5-fluoro-2',3'-dideoxy-3'-thiacytidine 
[Proc. Natl. Acad. Sci. USA, 88, 8495 (1991)], 2',3'-dideoxy- jff -L-5- 
fluorocytidine [Biochem. Pharm., 47, 171 (1994)], and 2',3'-dideoxy- -L- 
cytidine [Biochem. Pharm., 47, 171 (1994)] have anti-HBV activity. 

However, these compounds leave much to be improved in view of 
tlieir activity and safety, whereby development of novel compounds having 
more activity and less toxicity has still been required. 

Diclosure of the Invention 

The object of the present invention is to provide novel compounds 
having excellent anti-HBV activity with low toxicity, which are represented 
by general formula (I), and processes for preparation thereof 

In the compounds of the present invention, which are represented by 
general formula (I), Ri represents hydrogen, phosphate, phosphonate, alkyl 
or acyl, R2 represents alkoxy or halogen, R3 represents pyrimidine or purine 
base which have natural origin, or their derivatives in which some portions 
of the base have been modified, and X represents O, S, SO or SO2 , as 
defined above. 
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Among the compounds represented by general formula (I), more 
preferable are the compounds in which Ri represents hydrogen, phosphate 
or phosphonate, R2 represents alkoxy or halogen, R3 represents groups 
represented by the following fonnulas, and X represents O or S. 



In the above fonnulas, R4 represents hydrogen, saturated or unsaturated 
alkyl which may have (a) substituent(s), or halogen, R5 represents hydrogen, 

10 hydroxy, alkoxy, saturated or imsaturated alkyl which may have (a) 
substituent(s), or satiu"ated or unsaturated acyl which may have (a) 
substituent(s). Re represents hydrogen, cyano, carboxyl, alkoxycarbonyl, 
carbamoyl or thiocarbamoyl, and R? and Rr each represents hydrogen, 
hydroxy, amino or halogen. 

15 Among the compounds represented by general formula (I), the most 

preferable are the compounds in wliich Ri represents hydrogen, phosphate 
or phosphonate, R2 represents alkoxy or halogen, R3 represents groups 
represented by the following formulas, and X represents O or S. 



5 





3 
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Ri3 



N 



In the above formulas, R9 represents hydrogen, methyl, hydroxymethyl, 
methoxymethyl, methylthiomethyl, trifluoromethyl, ethyl, propyl, 
cyclopropyl, vinyl, 2-bromovinyl, fluoro, chloro, bromo or iodo, Rio 
represents hydrogen, methyl, ethyl, hydroxy, methoxy or C1-C16 acyl, Rn 
represents hydrogen, cyano, carboxyl, alkoxycarbonyl, carbamoyl or 
thiocarbamoyl, and R12 and R13 each represents hydrogen, hydroxy, amino, 
fluoro, chloro, bromo or iodo. 

The compound (I) of the present invention can be prepared by a 
conventional method which is well-known in the field of nucleic acid 
chemistry, as described below. 

(Method A) 

According to the most common method, the compound (I) can be 
obtained by reacting a five-membered ring represented by general formula 
(IV) with an appropriate base. 




(IV) 
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In the above fonnula, R14 represents hydrogen or protective group for 
hydroxy group, preferably alkyl, acyl or substituted silyl group, more 
preferably benzyl, acetyl, benzoyl, trimethylsilyl, tert-butyldimethylsilyl or 
tert-butyldiphenylsilyl group, R15 represents alkoxy or halogen, X 
represents O, S, SO or SO2, and L represents acyl, halide or alkoxy group, 
more preferably acetyl group. 

More specifically, the compound (I) of the present invention can be 
obtained by a condensation reaction of compound (IV) with a base 
protected with a silyl group in the presence of a Lewis acid catalyst. As a 
desirable solvent for the reaction, mentioned are dichloromethane, 1,2- 
dichloroethane and acetonitrile. As a desirable Lewis acid catalyst, 
mentioned are tin chloride, titanium tetrachloride and silyl compounds such 
as trimethylsilyl triflate. 

Tlie compound of general formula (IV), which is used as a starting 
material for the preparation of compound (I) of the present invention, also is 
a novel compound. Among the compounds represented by general 
formula (IV), a compound wherein X is O can be prepared as shown in the 
following scheme I. 

Scheme I 




(IX) 



(IV) 
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According to the scheme I, 1,3-tiihydroxyacetone is reacted with a 
proper hydroxy protecting group to obtain compound (VI); the compound 
(VI) is reacted with alkyl bromoacetate and zinc (Reformatsky Reaction) or 
reacted with an enolate generated by treating alkyl acetate with a strong 
base such as LDA to obtain compound (VII); the compound (VII) is 
deprotected to obtain a lactone; the primary alcohol group is protected 
again with a proper protective group and then the tertiary alcohol group is 
properly halogenated to obtain the halide compound or alkylated to obtain 
the alkoxy compound (VIII); the compound (VIII) is reduced by a reducing 
agent such as diisobutyl aluminum hydride to obtain lactole (IX), and then 
the lactol is acylated, alkylated or halogenated to obtain the objective 
compound (IV). (In the above scheme I, Rh of compound VI, VII, and VIII 
represents hydroxy protecting group.) 

While another compound (IV) wherein X is S can be prepared as 
shown in the following scheme II. 

Scheme II 



BnS 



.SBn 




•CH2OR14 
■H 



•H 



H 



(IX) 



OH 



(X) 




(XI) 



(iV) 



According to the scheme II, lactole (IX) is reacted with a 
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benzylmercaptan to obtain intermediate (X); the intermediate (X) is reacted 
with triphenylphosphine and iodine to obtain tetrahydrothiophene 
derivatives (XI); the derivatives (XI) is reacted with LH in the presence of 
Lewis acid to obtain the objective compound (IV). 

And also, the compound (IV) wherein X is SO, SO2 can be prepared 
by oxidizing the compound (IV) wherein X is S with a proper oxidant. 

(Method B) 

A compound (I) may be converted to another compound (I) by 
substituting the base with other base. 

The substitution process may be a chemical method (for instance, an 
uracil derivative is substituted with cytosine derivative), or a method using 
enzyme such as deoxyribose transferase. Tliese base substitution 
processes are well known in the field of nucleic acid chemistry. 

The compounds of general formula (I) prepared by the above processes 
are generally obtained as a mixture of cis and trans isomers. 

The mixture can be separated by a physical method such as 
recrystallization or chromatography. 

The compound of general formula (I) which is optically pure can be 
obtained by optical resokition of the racemic mixture or asymmetric 
synthesis starting from optically pure compound. 

Pharmaceutically acceptable salts of the compound can be prepared by 
dissolving the compound in an appropriate solvent and reacting the 
compound with an acid or a base. Hydrochloric acid salt of the compound is 
most preferable. 

This invention provides anti-HBV agent containing nucleoside 
derivatives represented by general formula (I). Hereby anti-HBV agent 
maybe administered for an adult in a daily dose of approximately 1 0 mg to 
500 mg as nucleoside derivatives. Anti-HBV agent of the present invention 
may be administered in oral or non-oral dosage form. 
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Best Mode for Carr viny out the Invention 

Here-in-after, the present invention will be described in detail by 
referring to the following Examples. However, it should be noted that the 
present invention is not restricted to these Examples. 

Example 1 ; 4-(t-ButvldiphPny l silvloxvmethvh-4-hvdroxvtetrahvrirn 
furan-2-one<n 

To a solution of 4-hydroxy-4-hydroxymethyltetrahydrofliran-2-one (7.8 
g) in dry dichloromethane (200 ml), triethylamine (9.8 ml), t- 
butylchlorodiphenylsilane (16.9 ml) and 4-dimethylaminopyridine (360 mg) 
were added, and the resultant mixture was stiired at room temperature 
under nitrogen atmosphere for 10 hours. The reaction mixture was 
evaporated under reduced pressure, and the residue purified on a silica 
column (25% ethyl acetate/n-hexane) to give the title compound (20 g) as a 
white solid. 

'HNMR(CDCl3) d :7.31-7.50(m, 10H).4.12(s,2H), 3.59(s, 2H), 
2.48(s, 2H), 0.99(s, 9H), 

Example 2 ; 4-rt-Butvldi>henvlsilvloxvmet h viW4-fluorotetrahvdro 
furan-2-one(2) 

A solution of diethylaminosulftir trifluoride (5 ml) in dry 
dichloromethane (100 ml) was cooled to -78 1C, and a solution of 4-(t- 
butyldiphenylsilyloxymethyl)-4-hydroxytetrahydrofuran-2-one (14 g) in dry 
dichloromethane (100 ml) was added thereto. The reaction mixture was 
stirred at room temperature under nitrogen atmosphere for 1 hour. A cold 
aqueous solution (100 ml) of 10% sodium bicarbonate was added to the 
reaction mixture and the resultant mixture stirred for 30 minutes. The 
separated organic layer was dried over anhydrous magnesium sulfate, 
filtered and concentrated under reduced pressure. 

The residue was purified on a silica column (10% ethyl acetate/n- 
hexane) to obtain the objective compound (2.5 g) as a pale yellow liquid. 

8 
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NMR (CDCb) d : 7.25-7.65(m, lOH), 4.5 l(s, IH), 4.38(d, IH), 

3.86(s, IH), 3.79(d, IH), 2.86(dd, IH), 2.73(dd, IH), 1.07(s, 9H) 

Example 3 : 4-(t-ButyldiphenylsilyloxymethylV4-fluorotetrahydro 
furan-2-ol(3) 

A solution of 4-(t-butyldiphenylsilyloxymethyl)-4-fluorotetrahydro 
fliran-2-one (2.59 g) in dry dichloromethane (50 ml) was cooled to -78 
and 1.0 M solution (7ml) of diisobutyl aluminum hydride was added 
thereto. 

After stirring the reaction mixture at -78 under nitrogen atmosphere 
for 30 minutes, a saturated aqueous solution (20 ml) of potassium sodium 
tartrate was added thereto, and the mixture stirred at room temperature for 3 
hours. Tlie separated organic layer was dried over anhydrous magnesiimi 
sulfate, filtered and concentrated under reduced pressure. Thus obtained 
yellow liquid was used in the following step without ftirther purification. 

Example 4 : 4-(t-Butyldiphenylsilyloxymethyl)-2-acetoxy-4-fluorQtetra 
hydrofuran(4) 

4-(t-ButyldiphenylsilyloxyiTiethyl)-4-fluorotetrahydrofuran-2-ol 
obtained in Example 3 was dissolved in dry dichloromethane (50 ml), and 
triethylamine (LI ml), acetic anhydride (0.7 ml) and 4-dimethylamino 
pyridine (42 mg) were added thereto. 

After stirring the reaction mixture at room temperature for 30 minutes, 
water (10 ml) was added and the mixture stirred for 10 minutes. The 
separated organic layer was dried over anhydrous magnesium sulfate, 
filtered and concentrated under reduced pressure. 

The residue was purified on a silica colomn (10% ethyl acetate/n- 
hexane) to obtain the objective compound (2 g) as white solid. 



H NMR (CDCb) 8 : 7.39-7.67(m, lOH), 6.45(dd, IH), 4.08-4.29(m, 2H), 
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3.78-3.94(m, 2H), 2.27-2.61 (m, 2H), 2.02(s, 3H), 1.07(s, 9H) 

Example 5 ; cis-24Thviniii-1-vlV^-f1uoro-4-hy d roxvinethv|tetrahvdrn 
fMran(3) — and — trans-2-fThvinin-l-vlW4- nuoro-4-hvdroxvinethvlfPtr^ 
hvdrofnranrfi) 

Thymine (303 mg) was suspended in 1,1,1,3,3,3-hexamethyldisiIazane 
(20 ml), and ammonium sulfete (catalytic amount) was added thereto. The 
mixture was heated under reflux with stirring under nitrogen atmosphere for 
4 hours. Tlien, the mixture was evaporated under reduced pressure to 
remove 1,1,1,3,3,3-hexamethyldisilazane. To the residue, dry 1,2- 
dichloroethane (20 ml) was added and then a solution of 4-(t- 
butyldiphenylsjlyloxymethyl)-2-acetoxy- 4-fluorotetrahydrofiiran (500 mg) 
in dry 1 ,2-dichloroethane (10 ml) was added thereto. 

After cooling the reaction mixture to OV, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
stirred at OlC under nitrogen atmosphere for 30 minutes. Saturated 
aqueous solution (20 ml) of sodiiun bicarbonate was added thereto, and the 
resultant mixUire was stirred at room temperature for 30 minutes. 
Insoluble materials were removed by filtration, and the organic layer 
separated from the filtrate was dried over anhydrous magnesium sulfate, 
filtered and concentrated imder reduced pressure. The residue was purified 
on a silica column (50% ethyl acetate/n-hexane) to obtain the title 
compounds, cis-isomer (135 mg) and trans-isomer (75 mg), respectively as 
white solid . 

Each of the obtained isomers was dissolved in THF (15 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. Tlie residue was purified on a silica 
column (5% methanol/dichloromethane) to obtain the objective compounds, 
cis-isomer (64mg) and trans-isomer (35mg), as white solid. 



10 
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trans-isomer 

»H NMR (DMSO-d6) S : U .29(br. s, IH), 7.38(s, IH), 6.07(dd, IH), 

5.27(t, IH), 4.30-4.22(m, IH), 3.95-3.83(m, IH), 3.68-3.59(m, 
2H), 2.64-2.48(m, IH), 2.22-2.1 7(iti, IH), 1.77(s, 3H) 

UV (H2O) A ma.N : 267.4 nm(pH 7), 267.2 nm(pH 2), 265.4 nm(pH 1 1 ) 

cis-isomer 

'H NMR (DMSO-d6) 8 : 1 1.30(s, IH), 7.55(d, IH), 6.13(t, IH), 
5.25(t, IH), 4.26-4.15(m, IH), 3.97-3.89(m, IH), 
6.3.73-3.65(m, 2H). 2.43-2.26(m, 2H), 1.77(s, 3H) 

UV (H2O) A „,ax : 265.8 nm(pH 7), 266.0 nni(pH 2), 265.8 nm(pH 1 1) 

Example 6 : cis-2-(Cvtosin-l-vl>-4-fluoro-4-hvdroxvmethyltetrahvdro 

furan(7) and tra ns-2-r cvtosin-l-vn-4-fluoro-4-hydroxvmethvltetra 

hvdrofuranrS^ 

N'*-Acetylcytosine (368 mg) was suspended in 1,1,1,3,3,3-hexamethyl 
disilazane (20 ml), and ammonium sulfate (catalytic amount) was added 
thereto. The mixture was heated under reflilx with stirring under nitrogen 
atmosphere for 4 hours. Tlien, the mixture was evaporated under reduced 
pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To the residue, dry 
1 ,2-dichloroethane (15 ml) was added to dissolve the residue. Then, a 
solution of 4-(t-butyldiphenylsilyloxymethyI)-2-acetoxy-4-fluorotetrahydro 
fliran (500 mg) in dry 1,2-dichloroethane (10 ml) was added thereto. 

After cooling the reaction mixture to -10 "C, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
stirred at -10*0 under nitrogen atmosphere for 20 minutes. Saturated 
aqueous solution (20 ml) of sodium bicarbonate was added thereto, and the 
resultant mixture stirred at room temperature for 10 minutes. Insoluble 
materials were removed by filtration, and the organic layer separated from 
the filtrate was dried over anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The residue was purified on a silica 



11 
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column (ethyl acetate/n-hexane) to obtain the title compounds, cis-isomer 
(158 mg) and trans-isomer (157 mg), respectively as white solid . To the 
obtained white solid, saUirated methanolic ammonia solution (7 mi) was 
added. The mixture stirred under nitrogen atmosphere for 30 minutes and 
concentrated under reduced pressure. 

Each of the obtained isomers was dissolved in THF (1 5 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
column (10% methanol/dichloromethane) to obtain the objective 
compounds, cis-isomer (51mg) and trans-isomer (64mg), as white solid. 

trans-isomer 

'H NMR (DMSO-do) d : 7.53(d, IH), 7.12-7.03(br.d, 2H), 6.02(dd. IH). 

5.71(d, IH), 5.24(t, lH),4.26-4.21(m,lH),4.00-3.88(m, IH). 

3.66-3.57(m, 2H), 2.59-2.52(m, IH), 2.12-2.07(m, IH) 
UV(H20) Ann.. : 269.8, 229.2 (sh) nm (pH 7), 278.6, 

219.6 (sh) nm (pH 2), 270.2nm(pH 11) 

cis-isomer 

'HNMR (DMSO-d6) 8 : 7.60(d, IH), 7.16-7.12(br.d, 2H), 6.10(t, IH), 
5.70(d, IH), 5.23(t, IH), 4.24-4.13(m, IH), 3.98-3.89(m, IH), 
3.70-3.62(m, 2H), 2.45-2.38(m, IH), 2.26-2.15(m, IH) 

UV (H2O) A m.. : 269.4, 229.0 (sh) nm(pH 7), 278.0, 
209.0 (sh) nm (pH 2), 269.8 nm (pH 1 1) 

Example 7 : cis-2-f5-Fluorocvtosin-l-vn-4-fl u oro-4-hvdroxvmethyl 

tetrahYdr^fMnin(9> and trans-2-r5-fl uorocvtosin-|-vlV4-nuoro-4- 

hvdroxvm ethvltctrahvd rofuranH 0^ 

N-'-Acetyl-S-fluorocytosine (621 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (16 ml), and ammonium sulfate (catalytic amount) 
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was added thereto. The mixture was heated under reflilx with stirring 
under nitrogen atmosphere for 4 hours. Then, the mixtiu"e was evaporated 
under reduced pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To 
the residue, dry 1 ,2-dichloroethane (15 ml) was added to dissolve tlie 
residue. Then, a solution of 4-(t-butyldiphenylsilyloxymethyl)-2-acetoxy- 
4-fIuorotetrahydro fliran (500 mg) in dry 1 ,2-dichloroethane (10 ml) was 
added thereto. 

After cooling the reaction mixture to 0°C, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
was stirred at O'C under nitrogen atmosphere for 20 minutes. Saturated 
aqueous solution (20 ml) of sodium bicarbonate was added thereto, and the 
resultant mixture stirred at room temperature for 30 minutes. Insoluble 
materials were removed by filtration, and the organic layer separated fi-om 
the filtrate was dried over anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The residue was purified on a silica 
column (20% ethyl acetate/n-hexane) to obtain the title compounds, cis- 
isomer (321 mg) and trans-isomer (220 mg), respectively as white solid . To 
the obtained white solid, saturated methanolic ammonia solution (7 ml) was 
added. The mixture stirred under nitrogen atmosphere for 6 hours and 
concentrated under reduced pressure. 

Each of the obtained isomers was dissolved in THF (15 ml), and 1 .0 M 
solution of tetrabutylammoniiun fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
column (7% methanol/chloroform) to obtain the objective compounds, cis- 
isomer (95mg) and trans-isomer (1 1 5mg), as white solid. 

trans-isomer 

'H NMR (DMSO-d6) S : 7.68(br.d, IH), 7.50(br.s, IH), 5.97(d, IH), 

5.25(t, IH), 4.35-4.30(m, IH), 4.00-3.88(m, IH), 3.66-3.57(m, 
2H), 2.65-2.60(m, IH), 2.19-2.14(m, IH) 
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UV (H2O) A max : 279.4, 232.6 (sh) nm(pH 7), 288.6, 212.4 (sh) nm(pH 2), 
278.4 nm(pH 11) 

cis-isomer 

'H NMR (DMSO-d6) 8 : 7.92(d, IH), 7.85-7. 12(br.s, IH), 7.65(br.s, IH), 
6.08(t, IH), 5.22(t, IH), 4.28.4.16(m, IH), 3.95-3.85(m, IH), 
3.70-3.64(m, 2H), 2.47-2.43(m, IH), 2.27-2.1 5(ni, IH) 

UV (H2O) A „,a.v : 279.6, 236.2 (sh) nm (pH 7), 286.2, 
211.6 (sh) nm (pH 2), 279.2 nm (pH 1 1 ) 

Example 8 : cis-2-f5-Fluorourari M -vlU4-fliinro-4-hvdrnYvinethvltetra 
tiY<|rQfuran(ll> and tran.s-2-r,S-fliin r ouracii-1-vlU4-nuQro-4-hvdrn^y 
methvltet rahvdrnfiirffn(] 2) 

5-Fluorouracil (310 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (15 ml), and ammonium sulfate (catalytic amount) 
was added thereto. The mixture was heated under refiilx with stirring 
under nitrogen atmosphere for 8 liours. Then, the mixture was evaporated 
under reduced pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To 
the residue, dry 1,2-dichloroethane (20 ml) was added. Then, a solution 
of 4-(t-butyldiphenylsilyloxymethyI)-2-acetoxy-4- fluorotetrahydrofliran 
(500 mg) in dry 1,2-dichloroethane (10 ml) was added thereto. 

After cooling the reaction mixture to O'C, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
stirred at 0 under nitrogen atmosphere for 20 minutes. Saturated aqueous 
solution (20 ml) of sodium bicarbonate was added thereto, and the resultant 
mixture stirred at room temperature for 30 minutes. Insoluble materials 
were removed by filtration, and the organic layer separated fi-om the filtrate 
was dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was purified on a silica column (33% 
ethyl acetate/n-hexane) to obtain the title compounds, cis-isomer (182 mg) 
and trans-isomer (268 mg), respectively as white solid . 
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Each of the obtained isomers was dissolved in THF (7 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. Tlie residue was purified on a silica 
column (66% ethyl acetate/n-hexane) to obtain the objective compounds, 
cis-isomer (74mg) and trans-isomer (127mg), as white solid. 

trans-isomer 

'H NMR (DMSO-do) S : 11.83(br.s, IH), 7.75(d, IH), 6.04(d.d, IH), 

5.28(t, IH), 4.38-4.30(m, IH), 3.98-3.89(m, IH), 3.67-3.59(m, 
2H), 2.63-2.52(m, IH), 2.30-2. 15(m, IH) 

UV (H2O) A max : 268.6 nm(pH 7), 268.6 nm(pH2), 268.4 nm(pH 1 1) 

cis-isomer 

'H NMR (DMSO-ds) d : 1 1.8(br.s, IH), 8.07(d, IH), 6,1 l(t, IH), 
5.25(t, IH), 4.28-4. 16(m, IH), 3.98-3.90(m, IH), 
3.73-3.65(m, 2H), 2.48-2.28(m, 2H) 

UV (H2O) A „,ax : 268.2 nm(pH 7), 268.2 nm(pH2), 268.0 nm(pH 11) 

Example 9 : cis-2-r5-Chlorouracil-l-vlV4-fluoro-4-hvdroxvmethvltetra 
hvdrofura nfl3> and trans-2-(5-chlorouracil-l-vl>-4-fluoro-4-hvdroxv 
methyltetrahydrofurann 4) 

5-Chlorouracil (312 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (15 ml), and anmionium sulfate (catalytic amount) 
was added thereto. Tlie mixture was heated under refiilx with stirring 
under nitrogen atmosphere for 3.5 hours. Then, the mixture was 
evaporated under reduced pressure to remove 1,1,1,3,3,3- 
hexamethyldisilazane. To the residue, dry 1 ,2-dichloroethane (20 ml) was 
added. Then, a solution of 4-(t-butyldiphenylsilyloxymethyl)-2- acetoxy- 
4-fluorotetrahydrofiiran (500 mg) in dry 1,2-dichloroethane (10 ml) was 
added thereto. 
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After cooling the reaction mixture to OTC, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
stirred at 0 "C under nitrogen atmosphere for 20 minutes. Saturated aqueous 
solution (20 ml) of sodium bicarbonate was added thereto, and the resultant 
mixture stirred at room temperature for 30 minutes. Insoluble materials 
were removed by filtration, and the organic layer separated from the filtrate 
was dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was purified on a silica column (50% 
ethyl acetate/n-hexane) to obtain the title compounds, cis-isomer (73 mg) 
and trans-isomer (340 mg), respectively as white solid . 

Each of the obtained isomers was dissolved in THF (7 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
column (66% ethyl acetate/n-hexane) to obtain the objective compounds, 
cis-isomer (30mg) and trans-isomer (1 lOmg), as white solid. 

trans-isomer 

'H NMR (DMSO-do) $ : n.86(br.s, IH), 7.78(s, IH), 6.05(dd, IH), 
5.28(t, IH), 4.40-4.32(m, IH), 3.99-3.87(m, IH), 
3.68-3. 59(m, 2H), 2.64-2.53(m, IH), 2.33-2.27(m, IH) 

UV (H2O) A max : 276.2 nm(pH 7), 276.4 nm(pH 2), 274.2 nm(pH 1 1 ) 

cis-isomer 

'H NMR (DMSO-d6) d : 1 1.85(br.s, IH), 8.12(s, IH), 6.09(t, IH), 
5.25(t, IH), 4.30-4. 18(m, IH), 4.02-3.93(m, IH), 
3.73-3.65(m, 2H), 2.45-2.41(m, 2H) 

UV (H2O) A max : 275.6 nm(pH 7), 275.8 nm(pH 2), 273.8 nm(pH 1 1 ) 

Example 10 : cis-2-(5-Iodouracil-l-vl>-4-fluoro-4-hydroxvmethvltetra 
hvdrofuranri51 an d trans-2-(5-iodouracil-l-vlM-fluoro-4-hvdroxy 
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methvltetrahvdrofuranf 1 61 

5-Iodouracil (571 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (20 ml), and ammonium sulfate (catalytic amoimt) 
was added thereto. The mixture was heated under refulx with stirring 
under nitrogen atmosphere for 2 hours. Then, the mixture was evaporated 
under reduced pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To 
the residue, dry 1,2-dichloroethane (20 ml) was added. Then, a solution 
of 4-(t-butyldiphenylsilyloxymethyl)-2-acetoxy-4- fluorotetrahydrofiiran 
(500 mg) in dry 1 ,2-dichloroetliane (10 ml) was added thereto. 

After cooling the reaction mixture to 0°C, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise, and the mixture 
stirred at 0 under nitrogen atmosphere for 20 minutes. Saturated aqueous 
solution (20 ml) of sodium bicarbonate was added thereto, and the resultant 
mixture stirred at room temperature for 30 minutes. Insoluble materials 
were removed by filtration, and the organic layer separated from the filtrate 
was dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was purified on a silica column (33% 
ethyl acetate/n-hexane) to obtain the title compounds, cis-isomer (248 mg) 
and trans-isomer (325 mg), respectively as white solid . 

Each of the obtained isomers was dissolved in THF (7 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
column (7% methanol/chlorofonn) to obtain the objective compounds, cis- 
isomer (99mg) and trans-isomer (149mg), as white sohd. 

trans-isomer 

»H NMR (DMSO-de) <5 : 1 1 .69(br.s, IH), 7.86(s, IH), 6.06(dd, IH), 

5.28(br.s, IH), 2.37-2.24(m, IH), 3.97-3.88(m, IH), 3.67-3.63(m, 
2H), 2.64-2.45(m, IH), 2.29-2.20(m, IH) 

UV (H2O) A n,.,x : 285.2 nm(pH 7), 286.4 nm(pH 2), 276.8 nm(pH 1 1 ) 
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cis-isomer 

'H NMR (DMSO-d6) S : 1 1.69(br.s, IH), 8.15(s, IH), 6.08(t, IH), 

4.25-4.17(m, IH), 3.97-3.86(m, IH), 3.72-3.67(m, 2H), 2.49- 
2.42(m, 2H) 

UV (H2O) A max : 286.8 nm(pH 7), 286.2 nm(pH 2), 278.2 nm(pH 11) 

Example U — : 2-(GManin-9-vl1-4-f |uoro-4-hvdroxvmethvltetrahvdrn 
furann7) 

IsP-Acetyl-O'^-diphenylcarbamoylgiianine (355 mg) was suspended in 
dry 1,2-dichloroethane (15 ml), and N,0-bis(trimethylsilyl)acetamide (0.61 
ml) was added thereto. The mixture was then heated under refiilx with 
stirring under nitrogen atmosphere for 1 hour. 

After cooling the reaction mixture to room temperature, a solution of 
4-(t-butyldiphenylsilyloxymethyl)-2-acetoxy-4-fluorotetrahydrofuran (290 
mg) in dry 1,2-dichloroethane (5 ml) was added thereto. After chilling 
the reaction mixture to 0"C, trimethylsilyltrifluoromethane sulfonate (0.2 
ml) was added dropwise, and the mixture stirred under nitrogen 
atmosphere for 1 hour. Saturated aqueous solution (10 ml) of sodium 
bicarbonate was added and the mixture stirred for 10 minutes. Separated 
organic layer was dried over anliydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. To the residue, saturated 
methanolic ammonia solution (10 ml) was added, and the mixture stirred at 
room temperature for 20 hoiu-s. 

To the residue obtained after concentrating tlie mixture, THF (5 ml) 
was added, and then 1.0 M solution (0.5 ml) of tetrabutylammonium 
fluoride was added. The mixture was stirred at room temperature for 2 
hours. After concentrating under reduced pressure, the residue was 
purified on a silica column (10% methanol/dichloromethane) to obtain the 
title compound (65 mg) as pale yellow solid. 
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•H NMR (DMSO-d6) d : 10.80(bs, IH), 7.98, 7.88(s each, IH), 

6.61(br, 2H), 6.05-6.25(m. IH), 5.33(bs, IH), 3.60-4.31(m, 4H), 
2.50-2.81(m, 2H) 

UV (H2O) A max : 252, 271(sh) nm(pH 7), 254, 270(sh) nm(pH 2), 
266nm(pH 11) 

Example 12 : 4-ft-ButvldiphenylsilvioxvmethvlV4-fluoro-2-r6- 
chloropurin-9-yl)tetrahvdrofurann8) 

6-Chloropiirine (150 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (15 ml), and ammonium sulfate (catalytic amount) 
and chlorotrimethylsilane (catalytic amoimt) were added thereto. Tlie 
mixture was heated under reflux with stirring under nitrogen atmosphere 
for 4 hours. 1,1,1,3,3,3-hexamethyldisilazane was removed by 
evaporating under reduced pressure, and then dry 1 ,2-dic1iloroethane (10 
ml) was added to the residue. Then, a sohition of 4-(t- 
butyldiphenylsilyloxymethyl)-2-acetoxy-4-fluorotetraliydrofuran (200 mg) 
in dry 1 ,2-dichloroethane (5 ml) was added thereto. 

After coohng the reaction mixture at 0°C, trimethylsilyl 
trifluoromethanesulfonate (0.19 ml) was added dropwise, and the resultant 
mixture was stirred at O'C under nitrogen atmosphere for 20 minutes. 
Saturated aqueous solution (10 ml) of sodium bicarbonate was added to 
the reaction mixture, and the mixture stirred at room temperature for 10 
minutes. Insoluble materials were filtered off, and the organic layer 
separated fi-om the filtrate was dried over anhydrous magnesium sulfate, 
filtered and concentrated under reduced pressure. The residue was 
purified on a silica colurrai (20% ethyl acetate/ n-hexane) to obtain the title 
compound (120 mg) as colorless caramel-like material. 

Example 13 : 2-f6-Chloropurine-9-ylM-fluoro-4-hvdroxvmethvl 
tetrahydrofuranfl9> 

To a solution of 4-(t-butyldiphenylsilyloxymethyl)-4-fluoro-2-(6- 
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chloropurin-9-yl)tetrahydrofuran (100 mg) in tetrahydrofuran (5 ml), 1 .0 M 
solution (0.2 ml) of tetrabutylammonium fluoride was added, and the 
mixture stirred at room temperature for 2 hours. After concentrating 
under reduced pressure, the residue was purified on a silica column (6% 
methanol/dichloromethane) to obtain the title compound(30 mg) as 
colorless caramel-like material. 

'H NMR (DMSO-d6) d : 9.00(s, IH), 8.94(s, IH), 6.75(t, IH), 5.25(t, IH), 

4.20-4.54(m, 2H), 3.82-4.00(m, 2H), 2.88-3.21(m, 2H) 
UV(H20) /^m,x:264.5nm(pH7.2 ^11) 

Example 14 : cis-2-r3-Car bamovl-1 .2.4-triazol-1 -vl V4-f1uoro-4- 

hvaroxvmethvltetrahvdrofuranfi m and trans-2-r3-cflrhainovl-1.2.4- 
triazol-1 -vl)-4-fluorn-4- hvd roY vmethvltetrahvd rofu ran(2 1 ;> 

l,2,4-Triazol-3-carboxylatemethylester(304 mg) was suspended in dry 
1,2-dichloroethane (15 ml), and N,0-bis(trimethylsilyl)acetamide (0.61 ml) 
was added thereto. The mixture was then heated under refiilx with stirring 
under nitrogen atmosphere for 4 hours. Then, the mixture was evaporated 
under reduced pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To 
the residue, dry 1 ,2-dichloroethane (1 5 ml) was added. Then, a sokition of 
4-(t-butyldiphenylsilyloxymethyl)-2-acetoxy-4-fluorotetraliydrofuran (500 
mg) in dry 1,2-dichloroethane (10 ml) was added thereto. 

After cooling the reaction mixture to O'C, trimethylsilyl 
trifluoromethanesulfonate (0.47 ml) was added dropwise. The mixture 
stirred at O'C under nitrogen atmosphere for 30 minutes and then stirred 
overnight at room temperatiu-e. Saturated aqueous solution (20 ml) of 
sodium bicarbonate was added thereto, and the resuhant mixtiu-e stirred at 
room temperature for 30 minutes. Insoluble materials were removed by 
filtration, and the organic layer separated from the filtrate was dried over 
anhydrous magnesium sulfate, filtered and concentrated under reduced 
pressure. The residue was purified on a silica column (60% ethyl acetate/n- 
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hexane) to obtain the pale yellow oil (350 mg). 

Tlie obtained oil was dissolved in THF (15 ml), and 1.0 M solution of 
tetrabutylammonium fluoride(0.89 ml) was added to the solution. The 
resultant mixture was stirred at room temperature for 2 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
coliunn (33% ethyl acetate/n-hexane) to obtain cis-isomer (60 mg) and 
trans-isomer (24.9 mg) respectively as the colorless oil. 

To the obtained colorless oil, saturated methanolic ammonia solution (7 
ml) was added. Tlie mixture stirred under nitrogen atmosphere overnight 
and concentrated under reduced pressure. 

The residue was purified on a silica column (5% methanol/ethyl 
acetate) to obtain the objective compounds, cis-isomer (33 mg) and trans- 
isomer (1 1 mg) as white solid. 

trans-isomer 

*H NMR (DMSO-d6) S : 8.69(s, IH), 7.79(br.s, IH), 7.58(br.s, IH), 

6.26(dd, IH), 5.36(br.s, 2H), 4.28-4.05(m, 2H), 3.67-3.61 (m, 
lH),2.74.2,48(m, 2H) 

cis-isomer 

NMR (DMSO-d6) 8 : 8.80(s, IH), 7,83(br,s, IH), 7.62(br.s, IH), 
6.46(t, IH), 5.33(t, IH), 4.16-4.03(m, 2H), 3.81-3,71(m, 2H), 
2.78-2.68(m, 2H) 

Examplg 15 i 4-(t-ButvldiphenvlsilvloxymethylV4-methoxvtetra 

hvd rofura n>2-one(221 

To a solution of 4-(t-butyldiphenylsilyloxymethyl)-4-hydroxytetra 
hydrofiiran-2-one (3 g) in iodomethane (10 ml), silver oxide (11.3 g) was 
added, and the mixture stirred at room temperature for 3 days. After 
filterred and concentrated under reduced pressure, the residue was purified 
on a silica column (25% ethyl acetate/n-hexane) to obtain the objective 
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compoiind(l .9 g) as yellow solution. 

•H NMR (DMSO-d6) 8 : 7.61-7 .64(m, 4H), 7.39-7.47(m, 6H), 

4.36(d, IH), 4.29(d, IH). 3.71(s, 2H), 3.23(s, 3H), 2.77(d, IH), 
2.60(d, IH), 1.08(s,9H) 

Example 16 1 4-ft-ButvldiDhenvisiiv |oxvmethvlW-niethmtvtpfra 

hvdrofuran-2-ol(23) 

After cooling a solution of 4-(t-butyldiphenylsilyloxymethyl)-4- 
methoxytetrahydroftiran-2-one, obtained in example 15, in dry 
dichloromethane (10 ml) to -78 1:, the solution of 1.0 M 
diisobutyaluminium hydride (6 ml) was added dropwise. The mixture 
stirred at -78 1: under nitrogen atmosphere for 10 minutes and then stirred 
overnight at room temperature. Saturated aqueous solution (10 ml) of 
potassium sodium tartrate was added thereto, and the resultant mixture 
stirred at room temperature for 20 hours. The organic layer separated 
from the filtrate was dried over anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The obtained yellowish solution was 
used in the following step without further purification. 

Example 17 ; 2-Acetoxv 4-ft-hutvl dinhenvlsiMoxvmethvh-4-methoxv 
tetra hvdrofuranr24^ 

To the solution of 4-(t-butyldiphenylsilyloxymethyl)-4-methoxytetra 
hydrofuran-2-ol, obtained in example 16, in dry dichloromethane (5 ml), 
triethylamine (0.85 ml), acefic anliydride (0.6 ml) and 4- 
diethylaminopyridine (40 ml) were added dropwise. The resultant mixture 
was stirred at room temperature for 12 hours and concentrated under 
reduced pressure. The residue was purified on a silica column (100% ethyl 
acetate/n-hexane) to obtain the objective compound (1.2 g) as the yellowish 
solution. 
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'H NMR (CDCI3) S : 7.64-7.68(m, 4H), 7.38-7.47(m, 6H), 

6.40(dd, 0.64H), 6.23(dd, 0.36H), 4.08(d, 0.36H), 4.03(d, 0.26H), 
4.02(s, 1.28H), 3.80(d, 0.69H), 3.74(d, 0.64H), 3.70(s, 0.72H), 
3.01(s, L08HX 3.25(s, 1.92HX 2.38(dd, 0.72H), 2.15-2.30(m, 
1.28HX 2.08(s, L08HX 1.99(s, 1.92HX L09(s, 5.76HX 1.08(s, 
3.24H) 

Example 18 : ds-2-(Thymin>l-yl)-4-methoxy-4-hydroxyrnethyltetra 

hydrofuran f25) and trans-2-(thvmin>l-ylV4-methoxv-4-hvdroxy 

methyltetrahydrofuran(26) 

Thymine (155 mg) was suspended in 1,1,1, 3,3, 3-hexamethyldisilazane 
(1 5 ml), and ammonium sulfate (catalytic amount) was added thereto. The 
mixture was heated imder refiilx with stirring under nitrogen atmosphere for 
5 hours. Then, the mixture was evaporated under reduced pressure to 
remove 1,1,1,3,3,3-hexamethyldisilazane. To the residue, dry 1,2- 
dichloroethane (20 ml) was added. Then, a solution of 2-acetoxy-4-(t- 
butyldiphenylsilyloxymethyl)-4- methoxytetrahydrofuran (263 mg) in dry 
1,2-dichloroethane (5 ml) was added thereto. 

After cooling the reaction mixture to 0"C, trimethylsilyl 
trifluoromethanesulfonate (0.24 ml) was added dropwise, and the mixture 
stirred at 0 under nitrogen atmosphere for 10 minutes. Saturated aqueous 
solution (10 ml) of sodium bicarbonate was added thereto, and the resuhant 
mixture stirred at room temperature for 30 minutes, hisoluble materials 
were removed by filtration, and the organic layer separated from the filtrate 
was dried over anhydrous magnesium sulfate, filtered and concentrated 
under reduced pressure. The residue was purified on a silica column (ethyl 
acetate), recrystalUzed with dichloroethane/n-hexane (1:1) to obtain cis- 
isomer (35 mg) and trans-isomer (69 mg), respectively as pale yellow 
solid . 

Each of the obtained isomers was dissolved in TUF (1 ml), and LO M 
solution of tetrabutylammonium fluoride was added to the solution. The 
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resultant mixture was stirred at room temperature for 2 hours and 
concentrated under reduced pressure. The residue was purified on a siHca 
cohimn (ethyl acetate) to obtain the objective compounds, cis-isomer 
(11.2mg) and trans-isomer (19.6mg), as pale yellow solid. 

trans-isomer 

'H NMR (DMSO-d6) S : n.23(br.s, IH), 7.52(d, IH), 6.01(dd, IH), 
4.93(t, IH), 4.09(dd, IH), 3.72(d, IH), 3.57.3.49(m, 2H), 
3.15(s, 3H), 2.33-2.28(m, IH), 2.09-2.05(m, IH), 1.77(s, 3H) 

cis-isomer 

'H NMR (DMSO-d6) 8 : 1 1.25(br.s, IH), 7.52(d, IH), 6.06(t, IH), 

4.92(t, IH), 4.02(d, IH), 3.83(d, IH), 3.64-3.53(m, 2H), 3.22(s, 
3H), 2.34-2.29(m, IH). 1.99-1.95(m, IH), 1.77(s, 3H) 

UV(H20) A max 268 nm(pH 7), 267 nm(pH 2), 266.7 nm(pH 1 1 ) 

Example 19 ; fcis. trans)-2-(rvtosi n -l-vn-4-inethoxv-4-hvriroxvmethvl 
tetrahvdrofuran(27^ 

N^-Acetylcytosine (306 mg) was suspended in 1,1,1,3,3,3- 
hexamethyldisilazane (20 ml), and ammonium sulfate (catalytic amount) 
was added thereto. The mixtiu-e was heated under reftilx with stirring 
under nitrogen atmosphere for 4 hours. Then, the mixture was evaporated 
imder reduced pressure to remove 1,1,1,3,3,3-hexamethyldisilazane. To 
the residue, dry 1 ,2-dichloroethane (15 ml) was added to dissolve the 
residue. Then, a solution of 4-(t-butyldiphenylsilyloxymethyl)-2-acetoxy- 
4-fluorotetra hydrofuran (261 mg) in dry 1 ,2-dichloroethane (10 ml) was 
added thereto. 

After cooling the reaction mixture to -10*0, trimethylsilyl 
trifluoromethanesulfonate (0.23 ml) was added dropwise, and the mixture 
stirred at -lO'C under nitrogen atmosphere for 20 minutes. Saturated 
aqueous solution (25 ml) of sodium bicarbonate was added thereto, and the 
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resultant mixture stirred at room temperature for 10 minutes. Insoluble 
materials were removed by filtration, and the organic layer separated from 
the filtrate was dried over anhydrous magnesium sulfate, filtered and 
concentrated imder reduced pressure. To the obtained the pale yellow 
solution, saturated methanolic ammonia solution (7 ml) was added. The 
mixture stirred under nitrogen atmosphere for 30 minutes and concentrated 
under reduced pressure. 

Each of the obtained isomers was dissolved in THF (15 ml), and 1 .0 M 
solution of tetrabutylammonium fluoride was added to the solution. The 
resultant mixture was stirred at room temperature for 1 hour and 
concentrated under reduced pressure. The residue was purified on a silica 
column (10% methanol/chloroform) and recrystallized to obtain the 
objective compounds (64 mg) as white soUd. 

'H NMR (DMSO-d6) 8 : 7.58(dd, IH), 7.07(br.s, IH), 6.98(br.s, IH), 
6.03(t, 0.38H), 5.95(dd, 0.62H), 5.70(m, IH), 4.90(t, 0,38H), 
4.07(d, 0.62H), 4.00(d, 0.38H), 3.83(d, 0.38H), 3.77(d, 0.62H), 
3.56-3.61(m, 0.76H), 3,42.3.33(m, 1.24H), 3.20(s, L20H), 
3.06(s, 1.80H), 2.37-2.30(m, 0.38H), 2.27-2.22(m, 0.62H), 1.96- 
L88(m, IH) 

Example 20 : cis>2>fCvtosin-l-ylW4-fluoro-4-hvdrox ymethyltetrahvdro 
furanhydrochloridef28) 

cis-2-(Cytosin-l-yl)-4-fluoro-4-hydroxymethyltetrahydrofiiran (6mg) 
was added to methanolic hydrochloride solution and the resultant mixture 
was stirred for 20 min. After filtration, the mixture was dried by removing 
solvent under reduced pressure, and then methanol was added the residue 
for drying under reduced pressure. The residue was recrystallized in 
methanol to obtain the objective compound (5mg) as a white solid. 

^H NMR(DMSO-d6) d : 9.74(br. S, IH), 8.65(br. S, IH), 
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8.01-8.03(d, IH), 6.13-6.1 l(m, IH), 6.07(t, IH), 4.27-4.15(m, 
IH), 4.08-4.00(m, IH), 3.73-3.62(m, 2H), 2.60-2.30(m, 2H) 
UV(H20) A max: 279, 220(sh) nm 

5 Test of anti-HBV activity 

The anti-HBV activity of the compounds according to the present 
invention, was tested in Hep G2 2.2.15 cell lines, as using 2',3'- 
dideoxycytidine as a control compound. The results are shown in Table 1 . 



Table 1 : Anti-HBV activity of the compounds 



Test Compound 


ECso 


EC90 


CC50 


SI 






(;"M) 


(;"M) 


(CCso/ECgo) 


5 (Example 5) 


0.1 


0.8 


472 


590 


6 (Example 5) 


0.2 


1.0 


2,321 


2,321 


7 (Example 6) 


0.011 


0.143 


1,546 


10,811 


8 (Example 6) 


0.080 


0.522 


1,500 


2,874 


9 (Example 7) 


0.8 


0.7 


2,232 


319 


10 (Example 7) 


0.061 


0.835 


955 


1,444 


15 (Example 10) 


0.6 


4.4 


2,203 


501 


16 (Example 10) 


0.8 


5.3 


451 


85 


Control 


7.57 


35.035 


1,079.443 


30.811 


compound 











As shown in the Table 1 above, compounds of the present invention have 
excellent anti-HBV effect with low toxicity. 
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CLAIMS 



1 . A nucleoside derivative represented by the following general formula(I): 

RiO — I 



wherein Ri represents hydrogen, phosphate, phosphonate, alkyl or acyl, R2 
represents alkoxy or halogen, Ri represents substituted or non-substituted 
pyrimidine or purine base, and X represents O, S, SO or SO2; 
stereoisomers thereof or a mixture of these isomers, and pharmaceutically 
acceptable salts thereof 

2. A nucleoside derivative according to claim 1, wherein the compound is 
cis isomer. 

3. A nucleoside derivative according to claim 1, wherein the compound is 
trans isomer. 

4. A nucleoside derivative according to one of claims 1 to 3, in which R3 of 
the general formula (I) is selected from the following groups: 




(I) 
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wherein R4 represents hydrogen, satxirated or unsaturated alkyl which may 
have (a) substituent(s), or halogen, Rs represents hydrogen, hydroxy, 
alkoxy, saUirated or unsaturated alkyl which may have (a) substituent(s), or 
saturated or unsaturated acyl which may have (a) substituent(s). Re 
represents hydrogen, cyano, carboxyl, alkoxycarbonyl, carbamoyl or 
thiocarbamoyl, and R? and Rs each represents hydrogen, hydroxy, amino or 
halogen. 

5. A nucleoside derivative according to one of claims 1 to 3, in which Ri 
represents hydrogen, phosphate or phosphonate, R2 represents alkoxy or 
halogen, and R3 represents groups represented by the following formulas, 
and X represents O or S; 



wherein R9 represents hydrogen, methyl, hydroxymethyl, methoxymethyl, 
methylthiomethyl, trifluoromethyl, ethyl, propyl, cyclopropyl, vinyl, 2- 
bromovinyl, fluoro, chloro, bromo or iodo, Rio represents hydrogen, methyl, 
ethyl, hydroxy, methoxy or Ci-Cie acyl, Rn represents hydrogen, cyano, 
carboxyl, alkoxycarbonyl, carbamoyl or thiocarbamoyl, and R12 and Rn 
each represents hydrogen, hydroxy, amino, fluoro, chloro, bromo or iodo; 
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6. A nucleoside derivative according to claim 1, which is selected from a 
group consisting of cis-2-(uracil- 1 -yl)-4-fluoro-4-hydroxymethyltetra 
hydrofliran, trans-2-(uracil- 1 -yl)-4-fluoro-4-hydroxymethyltetrahydrofiiran, 
and mixtures thereof; cis-2 -(thymin- 1 -y l)-4-fluoro-4-hydroxymethyltetra 
hydrofliran, trans-2-(thymin- 1 -yl)-4-fluoro-4-hydroxymethyltetrahydrofiiran, 
and mixtures thereof; cis-2 -(5-fluorouracil-l-yl)-4-fluoro-4-hydroxymethyl 
tetrahydrofuran, trans-2-(5-fluorouracil- 1 -yl)-4-fluoro-4-hydroxymethyI 
tetrahydrofiiran, and mixtures thereof; cis-2-(5-chlorouraciM-yl)-4-fluoro- 
4-hydroxyiTiethyltetrahydrofuran, trans 2-(5-chlorouracil- 1 -yl)-4-fluoro-4- 
hydroxymethyltetrahydroftiran, and mixtures thereof; cis-2-(5-bromouracil- 
1 -yl)-4-fluoro-4-hydroxymethyltetraliydrofiiran, trans-2-(5-bromouracil- 1 - 
yl)-4-fluoro-4-hydroxymethyltetTaliydrofuran, and mixtures thereof; cis-2- 
(5-iodouracil-l -yl)-4-fluoro-4-hydroxymethyltetrahydro fliran, trans-2-(5- 
iodouracil- 1 -yl)-4-fluoro-4-hydroxymethyltetrahydrofuran, and mixtures 
thereof; cis-2-[5-(trans-2-bromovinyl)uracil-l-yl]-4-fluoro-4-hydroxy 
methyltetrahydroftiran, trans-2-[5-(trans-2-bromovinyl)uracil- 1 -yl]-4- 
fluoro-4-hydroxymethyltetrahydroftiran, and mixtures thereof; cis-2- 
(cytosin-l-yl)-4- fluoro-4-hydroxymethyltetrahydrofuran, trans-(2-(cytosin- 

1- yl)-4-fluoro-4-hydroxy methyltetrahydroftu^n, and mixtures thereof; cis- 

2- (5-fluorocytosin- 1 -yl)-4-fluoro-4-hydroxyinethyl tetrahydrofiiran, trans-2- 
(5-fluorocytosin- 1 -yl)-4-fluoro-4-hydroxymethyltetrahydrofLiran, and 
mixtures thereof; cis-2-(5-methylcytosin- 1 -yl)-4-fluoro-4-hydroxymethyl 
tetrahydrofiiran, trans-2-(5-methylcytosin- 1 -yl)-4-fluoro-4-hydroxymethyl 
tetrahydrofiiran, and mixtures thereof; cis-2-(adenin-9-yI)-4-fluoro-4-' 
hydroxymethyltetraliydrofliran, trans-2-(adenin-9-yl)-4-fluoro-4-hydroxy 
methyltetrahydroftiran, and mixtures therof; cis-2 -(6-hydroxypurin-9-yl)-4- 
fluoro-4-hydroxymethyltetraliydrofuran, trans-2-(6-hydroxy purin-9-y 1 )-4- 
fluoro-4-hydroxymethyltetrahydrofuran, and mixtures thereof; cis-2-(6- 
methylaminopurin-9-yl)-4-fluoro-4-hydroxymethyltetrahydrofiiran, trans-2- 
(6-methylaminopiirm-9-yl)-4-fluoro-4-hydroxymethyltetraliydroftiran, and 
mixtures therof; cis-2-(6-chloropurin-9-yl)-4-fluoro-4-hydroxymethyl 
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tetrahydroftiran, trans-2-(6-chloropiirin-9-yI)-4-fluoro-4-hydroxymethyl 
tetraliydroftiran, and mixtures thereof; cis-2-(2-fliioroadenin-9-yl)-4-fluoro- 
4-hydroxymethyltetraliydro fiiran, trans-2-(2-fluoroadenin-9-yl)-4-fIuoro-4- 
hydroxymethyltetrahydrofiiran, and mixtures thereof; cis-2-(2-amino-6- 
chloropurin-9-yl)-4-fluoro-4-hydroxymethyhetra hydrofiiran, trans-2-(2- 
amino-6-chloropurin-9-yI)-4-fluoro-4-hydroxymethyltetra hydrofiiran, and 
mixtures thereof; cis-2-(guanin-9-yl)-4-fliioro-4-hydroxymethyltetraliydro 
fiiran, trans-2-(giianin-9-yl)-4-fluoro-4-hydroxymethyltetrahydrofiiran, and 
mixtures thereof; cis-2-(3-carbamoyl-l,2,4-triazol-l -yl)-4-fluoro-4-hydroxy 
methyhetrahydroftiran, trans-2-(3-carbamoyl-l ,2,4-triazol-l -yl)-4-fluoro-4- 
hydroxy methyhetrahydroftiran, and mixtures thereof; cis-2-(thymin-l-yl)- 
4-methoxy-4-hydroxymethyhetrahydroftiran, trans-2-(thymin- 1 -yl)-4- 
methoxy-4-hydroxymethyl tetrahydroftiran, and mixtures thereof; cis-2-(3- 
carbamoyl- 1 ,2,4-triazol- 1 -yl)-4- methoxy-4-hydroxymethyUetrahydroftiran, 
trans-2-(3-carbamoyI-l,2,4-triazol-l-yl)-4-methoxy-4-hydroxyraethyhetra 
hydroftiran, and mixtures thereof; cis-2-(cytosin-l-yl)-4-methoxy-4- 
hydroxymethyUetrahydrofiiran,trans-2-(cytosin-l-yl)-4-methoxy-4-hydroxy 
methyhetraliydrofiiran, and mixtures thereof; and pharmaceutically 
acceptable salts of these compounds. 

7. A nucleoside derivative according to claim 1, which is in the form of 
hydrochloric acid sah. 

8. A nucleoside derivative according to claim 1, which is in the form of 
racemic mixture. 

9. A nucleoside derivative according to claim 1, which is in the form of 
optically pure enantiomer. 

10. An antiviral agent comprising the compound (I) according to claim 1 or 
a pharmaceutically acceptable salt thereof 
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1 1 . An anti-HB V agent comprising the compound (I) according to claim 1 
or a pharmaceutically acceptable salt thereof. 

12. A compoimd represented by the following formula (IV) : 




(IV) 



wherein Rh represents hydrogen or protective group for hydroxy! group, 
Ri5 represents alkoxy or halogen, L represents acyl, halide or alkoxy group, 
and X represents O, S, SO or SO2 ; 

structural or stereoisomers thereof, and the mixture of these isomers. 

13 . A process for preparing a compound represented by general formula (I) 
which comprises the step of reacting a compound represented by general 
formula (IV) with a base (R3H) in the presence of a Lewis acid; 




(I) (IV) 



wherein Ri represents hydrogen, phosphate, phosphonate, alkyl or acyl, R2 
represents alkoxy or halogen, R3 represents substituted or non-substituted 
pyrimidine or purine base, and X represents O, S, SO or SO2 , Ri4 
represents hydrogen or protective group for hydroxyl group, Ris represents 
alkoxy or halogen, L represents acyl, alkoxy group or halide. 

14. A process according to claim 13, wherein the compound (I) is obtained 
as an optically pure enantiomer. 
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